Naturally occurring humic substances, the major organic constituents of river, lake and pond water, are structurally complex and polyelectrolytic compounds with varying functionalities. They are not well-defined substances, but can generally be divided into three fractions: humic acid, fulvic acid and humin. Humic and fulvic acids are known to interact with metal ions, hydrated metal oxides, clay minerals and organic compounds.
The present paper describes a simple technique for the separation of humic substances from SDS molecules. An alkaline mixture of humic substances and SDS was passed through the XAD-2 resin column, on which the SDS was selectively and strongly retained, leaving the humic substances in the column effluent.
Experimental

Apparatus
A Shimadzu UV-180 spectrophotometer was used for the measurement of absorbances at 400 nm to determine humic substances. Because the absorptivity varied with the solution pH, each sample was always adjusted to pH 13 before the determination. A Retsch Model MM vibrating pulverizer was used for grinding XAD-2 resin with an agate vial (18 mm inner diam.×50 mm height) containing two agate balls (12 mm in diam.). All separation procedures were carried out on a Hitachi ECV-843 BY clean bench.
Reagents
A humic acid solution (0.25 mg cm -3 ) was prepared by dissolving humic acid (extracted from peat soil, Nakarai Chemicals) in a 0.1 mol dm -3 sodium hydroxide solution and passing through 1.0 µm Nuclepore membrane filters. A fulvic acid solution (0.5 mg cm -3 ) was prepared by dissolving fulvic acid powder (extracted from brown forest soil based on the method of International Humic Substances Society 8 ) in water. An Amberlite XAD-2 resin (0.2 -0.5 mm particles, macroreticular styrene-divinylbenzene copolymer, Rohm and Haas) was pulverized to 0.01 -0.1 mm and washed ultrasonically in ethanol followed by water. The resin was transferred to a Millipore Pyrex holder; a 1.0 µm Nuclepore membrane filter was inserted between the packed resin and sintered-glass disk to prevent the disk from clogging. The column (16 mm in diam.×5 mm height) was used for the adsorption of humic substances. The XAD-2 resin was also used in an unpulverized form. A Muromac polypropylene column (7 mm in diam.×60 mm height, Muromachi Kagaku) was loaded with the resin and employed for the removal of SDS.
An SDS solution (20 mg cm -3 ) was prepared by dissolving sodium dodecyl sulfate (analytical grade, Katayama Chemicals) in 0.1 mol dm -3 sodium hydroxide. An indium solution (500 mg cm -3 ) was prepared by dissolving indium nitrate trihydrate in 0.1 mol dm -3 nitric acid. Water was purified by distillation and ionexchange, and passed through a Millipore Milli-Q purification system.
Procedure
A 50 cm 3 aliquot of sample solution (pH 7) was acidified to pH 1.5 with 4 mol dm -3 hydrochloric acid and passed through a column of Amberlite XAD-2 (pulverized form) at a flow rate of 4 cm 3 min -1 to collect any humic substances. To the column was added 10 cm 3 of SDS solution at a flow rate of 1 cm 3 min -1 to desorb the humic substances. The resulting humic solution was introduced at 1 cm 3 min -1 onto another column packed with XAD-2 (unpulverized form) to remove SDS from the humic substances. The recovery of humic substance was obtained by measuring the absorbance at 400 nm.
Results and Discussion
Adsorption of humic substances on Amberlite XAD-2
Sample solutions were passed through two types of XAD-2 columns to confirm the effectiveness of pulverization. 6 The adsorption recovery was determined by comparing the absorbances of the original sample and the column effluent.
As shown in Table 1 , pulverizing the resin significantly enhanced the extent of adsorption for humic and fulvic acids. Complete recovery was achieved at pH 1.5 with a small volume (1 cm 3 ) of pulverized XAD-2 resin.
The pulverization increases the total surface area of XAD-2, which comes into contact with an aqueous sample solution. The specific surface area of the resin, measured by the BET method, remained unchanged before and after pulverization (306 and 294 m 2 g -1 , respectively), which suggests that nitrogen molecules (used in the BET method) penetrate into the interstitial space of the macroreticular resin, whereas humic substances do not. 9 
Desorption of humic substances from Amberlite XAD-2
A sample solution (50 cm 3 , pH 1.5) containing 0.20 mg of humic acid or 0.50 mg of fulvic acid was introduced onto the pulverized XAD-2 resin to collect the humic substance, which was then desorbed with 10 cm 3 of different eluents at a flow rate of 1 cm 3 min -1 . Milligram quantities of SDS were added to eluents for the enhancement of desorption on the basis of a previous work. Table 2 shows the tremendous improvement of desorption in the presence of SDS. All eluents examined in this experiment became useful by adding SDS for the quantitative recovery of fulvic acid. Alkaline solutions (0.1 -0.3 mol dm -3 NaOH) containing SDS were required for the desorption of humic acid. Figure 1(a) shows that the desorption efficiency is increased with increasing the SDS concentration. More than 93% of humic and fulvic acids were desorbed with >15 mg cm -3 of SDS. The strong affinity of SDS for XAD-2 6,7 as well as the negative charge of SDS may produce the combinative function, which expels anionic species of humic substances powerfully. Incorporation of humic substances in SDS micelles may also be considered. SDS, however, leaked from the column and entered the humic solutions (see Fig. 1-b) . The concentration of SDS was determined by titration with a toluidine blue indicator. 7 In the case of 20 mg cm -3 , about half of SDS was found in the humic solution. Such a large amount of SDS should be removed without any loss of humic substances.
Separation of humic substances from SDS
The adsorption behavior of humic substances and SDS greatly differed from each other in alkaline solutions. SDS was strongly adsorbed on XAD-2 over a wide range of alkalinity (0.01 -0.1 mol dm -3 ), whereas humic substances were trapped very poorly (25 -30%). This phenomenon was used for discrimination between humic substances and SDS.
After adsorption of 0.20 mg of humic acid or 0.50 mg of fulvic acid on the pulverized XAD-2 resin, the humic substance was desorbed with 10 cm 3 of SDS solution (20 mg cm -3 ). The column effluent (containing humic substance and SDS) was then introduced onto another XAD-2 column at a flow rate of 1 cm 3 min -1 . As shown in Table 3 , more than 99% of SDS was retained on the pulverized XAD-2 resin at 10 mm height, but appreciable amounts of humic and fulvic acids were simultaneously retained on the column. On the contrary, the unpulverized XAD-2 resin (7 mm in diam.×60 mm height) adsorbed SDS completely, leaving 92 -93% of humic and fulvic acids in the column effluent. This column was therefore used for the removal of SDS.
Recovery of humic substances through the whole procedure
Coprecipitation and flotation of humic substances from water were studied in detail previously. 5 In this experiment, therefore, the following process was examined using a series of synthetic solution (50 cm 3 , pH 1.5, 0.50 -25.0 mg of humic substances, 500 mg of indium carrier): (1) adsorption on XAD-2 for the separation from the indium carrier, (2) desorption of humic substances with SDS, and (3) removal of SDS from the humic substances. As shown in Table 4 , humic and fulvic acids were successfully separated from indium and SDS with excellent recoveries.
Continuous-flow coprecipitation-flotation offers a rapid and convenient enrichment method for aquatic humic substances. By combining with the XAD-2 adsorption technique, appreciable amounts of pure humic substances can be easily obtained. Application of the proposed method to different water samples as well as the characterization of concentrated aquatic humic substances are expected in the future. 
